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(57) Abstract: A W quantum 
well stnictuie fcH* active region 
of semiconductor lasers for long 
wavelength emission of photons. 
The energy band lin^ps in the 
disclosed heterostructures achieve 
emission at wavelengths of 1.3 
micron or greater. The W quantum 
well stmcture and exemplary 
materials can be ^jplied to any 
semiconductor laser including a 
veitical cavity surface emitting laser 
(VCSEL) (100). The active region 
(106) is comprised of one or more 
sets of triad layers of GaAsl-xNx 
/ GaAsl-ySby / GaAsl-xNx to 
provide the W quantum well 
structure. The energy band of these 
materials provides a staggered band 
alignment which causes electrons 
and holes to be confined in adjacent 
layers to one another. Because 
the wavefunctions associated with 
these materials tunnel into adjacent 
layers, optical emission at a longer 
wavelength is achievable than 
otherwise available from the energy 
g^ of the constituent materials 
alone. 
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METHOD AND APPARATUS 
FOR 

LONG WAVELENGTH SEMICONDUCTOR LASERS 

FIELD OF THE INVENTION 

The present invention relates generally to 
semiconductor lasers. More particularly, the present 
invention relates to hetero junction active regions of 
semiconductor lasers. 

BACKGROUND OF THE INVENTION 

Semiconductor lasers have become more iitportant. 
One of the most important applications of semiconductor 
lasers is in communication systems where fiber optic 
comm\anication media is employed. With growth in 
electronic communication, commxinication speed has become 
more important in order to increase data bandwidth in 
electronic communication systems. Improved 
semiconductor lasers can play a vital roll in increasing 
data bandwidth in communication systems using fiber 
optic communication media. A preferred component for 
optical interconnection of electronic components and 
systems via optical fibers is a semiconductor laser 
known as a vertical cavity surface emitting laser 
(VCSEL) . Referring to Figure lA, a prior art vertical 
cavity surface emitting laser (VCSEL) 100 is 
illustrated. VCSEL 100 is cylindrical in shape and 
includes hetero junctions of semiconducting materials. 
When VCSEL 100 is lasing, a laser light is emitted from 
the top surface in a region defined by the optical 
confinement region 103. When lasing, the VCSEL 100 has 
a transverse mode field 108 and a longitudinal mode 
field 109. VCSEL 100 includes a first terminal 101 and 
a second terminal 102 coupled respectively to the top 

-1- 



wo 01/29943 



PCTAJSOO/14332 



and bottom surfaces of the VCSEL to provide current and 
power. VCSEL 100 includes distributed Bragg reflector 
(DBR) layers 104A and 104B defining the optical 
confinement region 103. The optical confinement region 
103 provides optical confinement such that the light can 
be reflected between the DBR layers 104A and 104B in a 
reinforcing manner to provide light amplification. The 
optical confinement region 103 is a cylindrical region 
having a diameter of D. VCSEL 100 includes 
heterojunction semiconductor layers 105 . The region of 
the heterojmction semiconductor layers 105 which 
overlaps with the optical confinement region is referred 
to as the active region 106. The active region 106 
provides current confinement so as to provide lasing 
when a threshold current is supplied to the VCSEL 100. 
Threshold current is the current level required for 
injecting enough carriers (electrons and holes) for 
lasing to occur. The frequency and wavelength of the 
light emitted from a VCSEL is a function of the 
structure and composition of materials of the active 
region 106. The typical structxire of the heteroj\anction 
semiconductor layers 105 and active region 106 includes 
one or more pairs of quantum wells. Quantum wells are 
formed from particular semiconductor materials having a 
thickness of around one hundred Angstroms or less where 
the quantum confinement effects become important. Under 
quantxim confinement effects, the effective bandgap of 
the quantum well material increases with decreasing 
thickness. Surroiinding the one or more pairs of quant\un 
wells are semiconductor materials that provide cladding 
and barriers. Quantum wells are key components in laser 
diodes in that they can strengthen electro-optical 
interactions by confining carriers to small regions. 

To inprove optical confinement, index guiding may 
be used. Index guiding uses layers of different 
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coirpo\mds and structures to provide a real refractive 

index profile to guide the light. Alternatively a VCSEL 

may be gain guided. In gain guiding, the carriers 

induce a refractive index difference which is a f\inction 

of the laser current level and output power. 

VCSELs emit a coherent light beam of light from the 

surface of the wafer in which they are fabricated owing 

to the presence of the vertical optical cavity (the 

optical confinement region 103) formed by the two 

distributed Bragg reflectors (DBR) 104A and 1043 on 

either side of a gain region (the active region 106) . 

VCSELs are most often formed by epitaxial growth of the 

DBRs 104A and 104B and the active region 106 on a single 

crystal semiconductor wafer. In a VCSEL, the number of 

defects in its layers is minimized when they are grown 

on a substrate with the same lattice constant and 

crystal structvire. To manufacture a VCSEL in this 

manner, there are a limited number of materials that can 

be incorporated into VCSEL devices that have the high 

performance properties required for lasing. The DBRs 

104A and 104B in VCSEL 100 typically consists of 

alternating quarter wavelength thick layers of materials 

with different indices of refraction. The larger the 

difference in index of refraction, the fewer will be the 

number of layers required to achieve the necessary 

reflectivity. Gallium- Arsenide/Aluminiam-Gallium- 

Arsenide (GaAs/AlGaAs) materials have to present been 

the most successful for use in VCSEL structures due to 

their wide differences in refractive indices. While 

GaAs/AlGaAs materials are the preferred materials for 

the DBRs 104A and 104B, they are not suitable for 

fabricating an active region 106 providing photon 

emission at longer wavelengths, such as the 1.3 ;xm or 

1.55 /xm wavelength standards that are well suited to 

optical fiber loss and dispersion minima. Heretofore, 

there have been no suitable materials or composition of 
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materials in which to fabricate VCSELs at these longer 
wavelengths such as the 1.3 /xm or 1.55 ^m wavelength 
standards. 

Prior art attempts to fabricate 1.3 m VCSELs on 
GaAs have focused on replacing the active region 106 
with new heteroj unction semiconductor layers 105 of 
material that emit photons at wavelengths of 1.3 Aim. 
These attempts include providing Gallium-Arsenide- 
Antimonide (GaAsSb) quantum wells. Gallium- Indium- 
Nitrogen- Arsenide (GalnNAs) quantum wells, or Indium- 
Arsenide (inAs) or Indi\im-Gallium- Arsenide (InGaAs) . 
quantum dot active regions. In the case of the GaAsSb 
quantum wells, the thickness of the quantum well layer 
and its Antimony (Sb) composition need to be maintained 
below the elastic strain limit to avoid defect 
formation. This constraint also limits the achievable 
photon emission wavelength to less than the desired 1.3 
/im. GalnNAs qu€Uit\am wells can in principle be grown to 
emit at 1.3 ^m with arbitrary thicknesses on GaAs 
s\ibstrates, if, the Indium (In) and Nitrogen (N) 
compositions can be controlled to match the lattice 
constant of GaAs. However, the limitation in Nitrogen 
(N) coirposition has limited the photon emission 
wavelength to less than the desired 1.3 Mm. Regarding 
InAs or InGaAs quantum dot active regions, current 
manufacturing is unable to achieve high enough density 
of dots in order to sustain laser operation in a VCSEL. 

Increased strain in the materials of the 

heteroj unction 105 and active region 106 of 

semiconductor lasers has been used to reduce threshold 

currents and optical losses. Strain is generally 

produced by changing the concentration ratio of atoms 

forming the materials of the hetero junction 105. There 

are two types of strain in the materials, tensile strain 

and compressive strain. Cladding layers of the quantum 
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well are usually lattice matched to the substrate with 
respect to strain while the barrier layers may have the 
opposite strain of the quantvun well layer. Strained 
layer quantum well structures may be employed to try to 
achieve longer wavelength emission of photons. However, 
with the increased strain in the quantum well, there is 
a growth in lattice mismatched active regions which 
presents limits to the achievable wavelength ranges. 
For exairple, consider InGaAs or GaAsSb quantum wells 
used alone as the active region, which are limited to a 
laser emission wavelength between 1-1 and 1.25 /im 
respectively. As the In or Sb composition is increased 
the layer thiclcness must be decreased in order to remain 
within the elastic strain limit. Unfortunately, the 
quantization energy in the quantum well increases 
approximately quadratically as the well thickness 
decreases and thus the emission wavelength saturates. 
Recently the possibility of using strain compensation 
and graded quantum wells to extend the emission 
wavelength of InGaAs quantum wells has been explored. 
However, this approach only enabled the extension of the 
emission wavelength to 1-2 ^m. Further increases in the 
photon emission wavelength using this approach appear 
unfeasible. 

It is desirable to overcome the limitations in the 
prior art and provide new heterojunction semiconductor 
layers of material that can provide an active region 
which can lase at a wavelength of 1-3 Mm or more. 



pRTEF SUMMARY OF THE INVENTION 

Briefly, the present invention includes a method, 
apparatus and system as described in the claims. A W 
quantum well structure is provided by the present 
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invention to enhance the active region of semiconductor 
lasers in order to provide long wavelength emission of 
photons. The present invention provides an active 
region, incorporating the W queintum well structure, for 
semiconductor lasers with energy band lineups in 
heterostructures to achieve emission at wavelengths of 
1.3 Am or greater. Application of the active region to a 
basic laser diode device, a VCSEL, and exemplary 
materials are disclosed which can be used to achieve 
lasing at wavelengths of 1.3 m and greater. The active 
region is comprised of one or more sets of triad layers 
of GaAs^.^^ / GaASi^ySby / GaASj.^^ to provide the W 
quantxim well structure. The energy band of these 
materials provides a staggered band alignment which 
causes electrons and holes to be confined in adjacent 
layers to one another. Because the wavef unctions 
associated with these materials tiannel into the adjacent 
layers, optical emission at a longer wavelength is 
achievable than otherwise available from the energy gaps 
of the constituent materials alone. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

Figure 1 is a three dimensional diagram of a prior art 
VCSEL. 

Figure 2A is a cross sectional view of the 
hetero junction semiconductor layers forming the active 
region having the W-shaped quantum well system of a 
first embodiment of the present invention. 

Figure 2B is a cross sectional view of a semiconductor 
laser having multiple W quantum wells of the present 
invention. 



-6- 



y/O 01/29iM3 



PCTAJSOO/14332 



Figure 3 is an energy band diagram illustrating the 
optical transition and staggered energy band lineup in 
the W-shaped quantum well of the first' embodiment of the 
present invention. 

Figure 4 is a wavefunction diagram illustrating the 
electron and hole wavefunctions for the W-shaped quantum 
well system of the present invention. 

Figure 5 is a combined graph of the achievable 
transition wavelengths and the wavefunction of electrons 
and holes versus the GaAsN quantum well thickness for 
the W-shaped quantum well system of the present 
invention. 

Figure 6 is an energy band diagram illustrating an 
alternate embodiment of a quantum well structure for the 
present invention for providing photon emission at long 
wavelengths. 

DETAII^EP DE^gRIPTIOM OF THE PREFERRED EMBODIMENT 

In the following detailed description of the 
present invention, numerous specific details are set 
forth in order to provide a thorough uinderstanding of 
the present invention. However, it will be obvious to 
one skilled in the art that the present invention may be 
practiced without these specific details. In other 
instcuices well known methods, procedures, components, 
and circuits have not been described in detail so as not 
to imnecessarily obscure aspects of the present 
invention. 

A new quantum well structure is provided by the 
present invention to enhance the active region of 
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semiconductor lasers in order to provide long wavelength 
emission of photons. Longer wavelength semiconductor 
laser diodes improve fiber optic communication systems 
by overcoming deficiencies in fiber optic fibers that 
are sensitive in the shorter wavelengths of photon 
emissions. The new quantum well structure of the 
present invention overcomes the shortcomings of the 
prior art by using an active region that relies on 
energy band lineups in heterostructures to achieve 
emission at 1.3 /im and longer, rather than the absolute 
value of energy gaps. The new quantum well structure 
employs advances of the last few years in the design, 
fabrication and implementation of so-called staggered 
offset or type II heteroj\inction laser diode devices, 
particularly mid IR laser semiconductor diodes. A basic 
device concept and example materials which can be used 
for 1.3 mn and longer VCSELs is disclosed. The active 
region of the device is comprised of one or more sets of 
triad layers of GaAs^.JM^ / GaAs^.^Sby / GaAs^.^Sf^ to provide 
the new quantum well structure. The energy band of 
these materials provides a staggered band alignment. 
The staggered band alignment causes electrons and holes 
to be confined in adjacent layers to one another. 
Because the wavef unctions associated with these 
materials tvixmel into the adjacent layers, it is 
possible to achieve optical emission at longer 
wavelength than the energy gaps of the constituent 
materials. 

Referring now to Figure 2A, a structure of 
heteroj\inction semiconductor layers 105' of materials of 
the present invention with one set of triad layers GaASj. 

/ GaASi.ySby / GaASi^Jsr^ is illustrated. Figure 2A 
illustrates hetero junction semiconductor layers 105' and 
VCSEL 100' tvimed sideways in comparison with layers 105 
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of VCSEL 100 in Figure 1. From reference point P, the 

first layer of layers 105' is GaAs 201 which is 

approximately twenty five angstroms thick. GaAs 201 

acts both as a cladding and barrier material for the 

quantxim wells of layers 105' and active region 106'. 

The second layer of layers 105' is Galli\m\-Arsenide- 

Nitride (GaAs^.^^) 202, with the ratio of atoms indicated 

by the subscript x which can vary over the range of 0.01 

to 0-3. The thickness of GaAs^.^ST^ 202 is variable 

depending upon the desired properties of the 

semiconductor laser but in the preferred embodiment it 

is approximately thirty angstroms. The layer of GaAs^.^^ 

202 acts an an electron well for electrons and a hole 

barrier for holes. The layer of GaAs^.^JI^ 202 is the 

central layer for the first quantum well of a pair of 

quant\m wells in the W qucmtum well materials structure. 

The third layer of layers 105' is Gallixim-Arsenide- 

Antimonide (GaAs^.^Sb^) 203, with the ratio of atoms 

indicated by the subscript y which can vary over the 

range of 0.01 to 0.5. The thickness of GaAs^.^Sby 203 is 

also variable depending upon the desired properties of 

the semiconductor laser but in the preferred embodiment 

it is approximately fifty angstroms. The layer of GaAs^. 

ySby 203 acts as an electron barrier and a hole well 

located between the pair of quantum wells formed from . 

GaASj.^^. The fourth layer of layers 105' is Galli\im- 

Arseni de-Nit ride (GaASi.^) 204 which is similar to the 

second layer of layers 105', GaAs^.^, 202. The GaAs^.J^^ 

204 is the central layer of the second quantum well of 

the pair of quantum wells. The layer of GaAs^.^^ 204 also 

acts an an electron well for electrons and a hole 

barrier for holes. The thickness and ration of atoms of 

GaAs^.^^ 204 is similar to the thickness and ratio of 

atoms of GaASj.^^ 202 depending upon the desired . 

properties of the semiconductor laser. The thiclaiess of 

GaASj.^^ 204 in the preferred embodiment is approximately 
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thirty angstroms. The layers 105' and active region 
106' of the semiconductor laser may have additional sets 
of triad layers of GaASi_^^ / GaAs^^ySby /GaAs^.JN,,. The 
final layer of layers 105' is GaAs 205, similar to GaAs 
201, which is approximately twenty five angstroms thick. 

GaAs 205 also acts both as a cladding and barrier 
material for the quantiam wells of layers 105' and active 
region 106'. The quantum well structure of layers 105' 
is referred to herein as a W quantum well (WQW) . The 
heterojxinction semiconductor layers 105' of the active 
region 106' constructing the W quantiam well can be 
formed in a number of ways including molecular beam 
epitaxy (MBE) and metal organic chemical vapor 
deposition (MOCVD) . 

Referring now to Figure 2B, a structure of 
he tero junction layers 105" of materials of the present 
invention with multiple sets of triad layers GaAs^.^,, / 
GaASj.ySby / GaAs^.^jN^ is illustrated. Heterojxmction 
layers 105" includes GaAs layers 201 and 205 sandwiching 
N multiple W quantum wells 210A-210N. The optical 
confinement region 103 overlapping the he tero junction 
layers 105'' forms the active region 106". W quantum 
well 210A includes GaAsN layer 202A and GaAsSb layer 
203A and a portion of GaAsN layer 202B of the next 
quantum well 210B. W quantum well 210B includes GaAsN 
layer 202B, GaAsSb layer 203B and a portion of GaAsN 
layer 202C of the next quantum well 210C. The multiple 
W quantiam well structure can completed repeating this 
structure until the last of the multiple W quantum 
wells, W quantiam well 210N. W quantum well 210N 
includes GaAsN layer 202N, GaAsSb layer 203N and GaAsN 
layer 204. In the multiple W quantum well structure, 
interior GaAsN layers are shared by adjacent W quantimi 
wells. The multiple W quantum well structure can 
enhance the gain of the semiconductor laser to alleviate 
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a reduction in gain due to less overlap between electron 
and hole wavef unctions. 

Referring now to the energy band diagram of Figure 
3, the conduction band 301 and the valence band 302 are 
estimated for the layers 105' and active region 106' 
illustrated in Figure 2A. The zero position along the 
X-axis in Figure 3 corresponds to position P along the 
X-axis of Figure 2A. This alignment in energy bands is 
estimated for the material system of layers 105' and 
active region 106' of Figure 2A having an N 
concentration of 3%, where subscript x is 3%, and an Sb 
concentration of 30 %, where subscript y is 30%. Other 
atom concentrations of N and Sb may be used. The 
quantum well structure results in the shape of the 
conduction band 301 being similar to the letter W near 
the light emitting region and thus is referred to as a W 
quantum well (WQW) . The expected optical transition 303 
is also illustrated in Figure 3 generating a photon 304 
having an energy of hv, where v equals the speed of 

light divided by the wavelength (cA) . Thus, for longer 

wavelengths of desired emission, it is desirable to have 
lasing occur within a semiconductor diode with lower 
energy photons. 

The staggered alignment of the energy bands for 
these materials causes electrons and holes to be 
confined in adjacent layers to one another. Electrons 
are localized in the GaAsN layers 202 and 204 and holes 
are localized in the GaAsSb layer 203 . The conduction 
band offset that confines the electrons in the GaAsN 
layers 202 and 204, contributes to localization of the 
electron. As a result, the electron energy states are 
quantized and lie at an electron energy level 305 which 
is greater than the conduction band minimum of the 
conduction band 301. Similarly, the holes are confined 
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forming hole states that are quantized in the GaAsSb 
layer 203 resulting in a hole energy level 306 which is 
less than the valence band maxiittum of the valence band 
302, although the energy shift is smaller for holes. In 
spite of this localization, there is considerable 
tunneling of the electron states into the GaAsSb layer 

203 that, under proper design, can result in significant 
spatial overlap between electron and hole wavef unctions . 

Referring now to Figure 4, the hole wave f\mction 
y^t, 400 and various electron wavefimctions 401-405 are 

illustrated for the W quantum well structure of Figure 
2A. The position of materials in Figure 4 does not 
exactly coincide with the position of materials in 
Figures 2 and 3, due to the variations in thicknesses of 
the GaAsN layers. The overlap in the hole wavefiinction 
and the electron wavefunction is the interaction that 
permits efficient optical emission cind gain to occur for 
a semiconductor laser. It is desirable to maximize the 
overlap between the hole wavefxanction and the electron 
wavefunction in order to maximize the recombination of 
holes and electrons to produce photons- The greater the 
overlap between the hole and electron wavefunctions 
generally means the higher gain achievable within the 
semiconductor laser. The various electron wavefimctions 

401-405 plotted in Figure 4 are a function of the 
thickness of the GaAsN layers 202 and 204. Electron 
wavefunctions y^e 401, 402, 403, 404 and 405 correspond 

respectively to thicknesses for the GaAsN layers 202 and 

204 of ten, twenty, thirty, forty, and fifty angstroms. 
The electron wavefunction 401 provides a larger 

overlap with the hole wavefunction 400, Thus, the 

energy positions of the states involved are not only a 
function of the selected materials but are also a 
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function of the layer thicknesses of the W quantum well. 

Therefore, depending upon the selection of thicknesses, 
a wide range of emission wavelengths is possible in the 
materials system (the triad layers of GaAs^.^^ / GaAs^.ySby 
/GaASj,^^) of the W quantum well. As illustrated in 
Figure 4, the wavefxinctions tunnel into the adjacent 
layers of materials. Therefore, it is possible to 
achieve optical emission at longer wavelengths than from 
the energy gaps of the constituent materials alone. 

Referring now to Figure 5, a chart estimating the 
range of emission energies that can be achieved with the 
materials system of the W quantum well structure of 
Figure 2 A is illustrated. The chart in Figure 5 
combines the plots of wavefunction overlap (Ve^Vh) 
emission energy (hv or wavelength X where v equals c/X) 

for various thicknesses of GaAsN material. Curves .501, 
502 and 503 illustrate the wavefunction overlap versus 
GaAsN 202 and 204 thickness for N compositions of 1%, 
2%, and 3% respectively. Curves 511, 512 and 513 
illustrate the energy (wavelength) versus GaAsN 202 and 
204 thickness for N compositions of 1%, 2%, and 3% 
respectively. As can be seen in Figure 5, the 
concentration of N is very important to the photon 
emission of the semiconductor laser having a W quantum 
well structure. The energies illustrated in Figure 5 
are estimated on the basis of known energy band 
parameters and offsets as well as linear interpolations 
between the end points in coitposition ranges. In the 
case of the band offsets between GaAsSb 203 and GaAsN 
202 and 204, the transivity rule is used in which the 
valence band offsets between each of the constituents 
with GaAs 201 and 205 is used to calculate the offset 
between them. Because some of the information for the 
energy estimates is inconplete or controversial, the 
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most conservative estimate of the offset regarding the 
potential for long wavelength emission has been used. 
The W quantum well structure and materials system has 
the potential for emission and laser operation over the 
range of energies having wavelengths from 1.2 to 1.7 )mn. 
As the wavelength increases, however, the spatial 
overlap between the electron and hole states decreases 
owing to greater localization of the electron and holes 
in their respective confining potentials. In other 
words / to achieve longer wavelength emission of photons 
it is desirable to decrease the energy difference (hv) 

which in turn reduces the overlap between the hole and 
electron wavef unctions. Nonetheless, it is possible to 
achieve emission at 1.3 /im with more than 50% spatial 
overlap (see 3% N concentration with a GaAsN thickness 
of 15 angstroms) . While 50% spatial overlap is expected 
to provide a reduced gain over other quantum well 
structures, this can be compensated by utilizing 
additional sets of the triad layers of GaASi.^, / GaAs^. 
ySby /GaAs^^^^ of the W quantum well structure. The W 
quantum well provides a feasible migration path to 1.55 
m wavelength VCSEL's on GaAs substrates if suitable 
material parameters are chosen. 

One advantage to the triad layers of GaAs^.^^ / 
GaASj.ySby /GaASi.^^ of the W quantum well is that lasing 
can occur in semiconductor lasers with the emission of 
photons having long wavelengths between 1.2 to 1.7 
microns. Another advantage to the triad layers of GaAs^_ 

/ GaASj.ySby /GaASi.J^, of the W quantiam well is that 
they are coinpatible with the well developed AlGaAs/ GaAs 
epitaxial mirror technology. 

Another advantage of the W quantiom well materials 
system is that strain management is automatically 
accomplished because GaAsN is tensile strained while 
GaAsSb is compressively strained. This results in 
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alternately strained material between adjacent layers. 
GaAsN is the only III-V material with a smaller energy 
gap than GaAs that has a smaller lattice constant as 
well. This results from the strong bowing of the energy 
gap in this material. Thus, the combined triad layers 
of GaAs^,^,, / GaASi.ySby /GaAs^.^,, of the W quantim well 
are more weakly strained than single guantiom wells would 
be and additional sets of triad layers can be 
incorporated into a semiconductor laser in order to 
compensate for an expected reduced gain without 
exceeding the elastic strain limit of the materials. 
The concentration of Nitride and Antimony can effect the 
strain placed on the materials of W quantum wells. 
Thus, cin even longer wavelength may be achieved by 
increasing the strain on the materials of the W quantum 
well. 

Referring now to the energy band diagram of Figure 
6, a conduction band 601 and a valence band 602 for an 
alternate embodiment of the W quantum well for the 
he tero junction 105' and active region 106' is 
illustrated. In this alternate CTibodiment, the first 
layer is Aluminum-Gallium-Arsenide (AlGaAs) 201' . The 
AlGaAs 201' acts both as a cladding and barrier material 
for the W quantum well structure. The second layer, 
layer 202', is one of a set of three materials. Layer 
202' may be Aluminum-Gallium-Arsenide (AlGaAs), Indium- 
Gallium- Phosphide (InGaP), or Indium-Gallium- Arsenide- 
Phosphide (InGaAsP) . The energy bands 601 and 602 in 
Figure 6 are illustrated with the second layer, layer 
202', being Indium-Gallium-Arsenide-Phosphide (InGaAsP). 
The second layer, layer 202' acts an an electron well 
for electrons and a hole barrier for holes. The second 
layer 202' is the first layer of a quantum well of a 
pair of quantum wells. The third layer is Gallitim- 
Arsenide-Antimonide (GaAsSb) 203'. The layer of GaAsSb 
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203' acts as an electron barrier and a hole well located 
between the pair of quantum wells. The fourth layer of 
this alternate embodiment, layer 204', is similar to the 
second layer, layer 202'. The fourth layer, layer 204', 
is one of a set of three materials. Layer 204' may be 
Aluminum-Gallivun- Arsenide (AlGaAs) , Indi-um-Gallium- 
Phosphide (InGaP) , or Indium-Gal liiam- Arsenide- Phosphide 
(InGaAsP) . The fourth layer, layer 202' acts an an 
electron well for electrons and a hole barrier for 
holes. The energy bands 601 and 602 illustrated in 
Figxire 6 are with the fourth layer, layer 204', being 
Indiiam-Gallium-Arsenide-Phosphide (InGaAsP). Layer 204' 
is the second of two quantum wells forming the pair of 
quantTim wells. The hetero junction layers 105' and 
active region 106' of the semiconductor laser may have 
additional sets of triad layers of 
InGaAsP/GaAsSb/InGaAsP; InGaP/GaAsSb/InGaP; or 
AlGaAs /GaAsSb/AlGaAs as the case may be. The final 
layer of the alternate embodiment is AlGaAs 205', 
similar to AlGaAs 201'. AlGaAs 205' also acts both as a 
cladding and barrier material for the quantian wells. 

In the alternate embodiment illustrated by Figure 
6, holes are confined to the narrower region of the 
GaAsSb 203' than the electrons in layers 202' and 204' 
due to the conduction band offset, between the layer 
203' and the two adjacent layers 202' and 204', being 
smaller than kT or zero. The materials for layers 201'- 
205' are of the appropriate composition to create a 
small or zero conduction band offset with the GaAsSb 
203'. The electrons being confined to a larger volvime 
have a reduced quantization energy. As a result, the 
material will emit photons at energies and wavelengths 
close to the energy gap of the GaAsSb 203'. By 
selecting a composition of materials for layers 201'- 
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205' with a small enough energy gap, emission at 
wavelengths in the 1.2 to 1.5 txm region can be achieved. 

The preferred embodiments of the present invention 
are thus described. The present invention has been 
described with relationship to VCSELs but is applicable 
to any type of semiconductor laser. While the present 
invention has been described in particular embodiments, 
the present invention should not be construed as limited 
by such embodiments/ but rather construed according to 
the claims^ that follow below. 
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CLAIMS 

What is claimed is: 

1. ■ A semiconductor laser for emitting photons at 
relatively long wavelengths / the semiconductor laser 

comprising: 

a semiconductor substrates- 
active layers to provide carrier confinement for 
lasing, the active layers including, 

a first barrier layer, 
at least one W quantum well structure 
having one layer coupled to the first barrier 
layer, the at least one W quantum well 
structure having an energy band reducing the 
energy gap between the conduction band and 
the valence band to emit photons at 
relatively long wavelengths, and 

a second barrier layer coupled to 
another layer of the at least one W quantum 
well structure; 
an optical confinement region coupled to the active 
layers and the semiconductor substrate, the optical 
confinement region to confine photons to an active 
region within the active layers; and 

a first contact terminal and a second contact 
terminal, the first contact terminal coupled to a 
surface of the optical confinement region in such a way 
to allow emission of photons from a surface of the 
semiconductor laser, the second contact terminal coupled 
to the semiconductor substrate. 

2. The semiconductor laser of claim 1 wherein, 
the first and second barrier layers are Gallium- 
Arsenide and the at least one W quantum well structure 
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includes the triad layers of Gallium-Arsenide- 
Nitride/Gallium-Arsenide-Antimonide/Gallium-Arsenide- 

Nitride. 

3. The semiconductor laser of claim 2 wherein, 
the Arsenide concentration varies as a percentage 

of (l-X) and the Nitride concentration varies as a 
percentage of X in each of Gallium- Arsenide-Nitride 
layers and the Arsenide concentration varies as a 
percentage of (1-Y) and the Antimony concentration 
varies as a percentage of Y in the Gallium- Arsenide- 
Ant imonide layer, 

4. The planar index guided vertical cavity 
surface emitting laser of claim 3 wherein, 

the semiconductor laser is a vertical cavity 
surface emitting laser (VCSEL) and the photons are 
emitted from a surface of the VCSEL parallel with the 
active layers. 

5 . The semiconductor laser of claim 1 wherein, 
the active layers further include another W quantum 

well structure similar to the at least one W quantum 
well structure where the second barrier layer is shared 
by the another W quantum well structure and the at least 
one W quantum well structiire. 

6. The semiconductor laser of claim 2 wherein, 
the Gallixim-Arsenide of the first and second 

barrier layers can range between ten and one hundred 
angstroms in thickness and the Gallium-Arsenide- 
Antimonide layer of the at least one W quantum well 
structure can range between ten and one hundred 
angstroms in thickness. 
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7. The semiconductor laser of claim 6 wherein, 
the Gallium- Arsenide-Nitride layers of the at least 

one W guantiim well structure can range between ten and 
one hundred angstroms in thickness . 

8. The semiconductor laser of claim 2 wherein, 
the Gallium-Arsenide of the first and second 

barrier layers is approximately twenty five angstroms in 
thickness and the Gallium-Arsenide-Antimonide layer of 
the at least one W quantiam well structure is 
approximately fifty angstroms in thickness. 

9. The semiconductor laser of claim 8 wherein, 
the Gallixun-Arsenide-Nitride layers of the at least 

one W quantxam well staructure are approximately twenty - 
five angstroms in thickness. 

10. The semiconductor laser of claim 1 wherein, 
the first and second barrier layers are Aluminum- 
Gallium- Arsenide and the at least one W quantum well 
structure includes a central layer of the triad layers 
of the at least one W quantum well structure of Galliiam- 
Arsenide-Antimonide . 

11. The semiconductor laser of claim 10 wherein, 
the two layers sandwiching the central layer are a 

material of the set of Alviminum-Gallium- Arsenide, 
Inditim-Gallium- Phosphide, and Indium-Gallium- Arsenide- 
Phosphide . 

12. A method of fabricating semiconductor lasers 
on Galliiam-Arsenide substrates where the wavelength of 
photon emission is longer than ordinarily achievable 
using Gallium- Arsenide, the method comprising: 
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providing a Gal lixun- Arsenide substrate; 
providing a region of optical confinement; and 
providing a plurality of heterojunction layers 
where an active region of the heterojimction layers 
overlaps the region of optical confinement, the 
plurality of heterojunction layers forming a quantum 
well material system in which free electrons and holes 
for recombining into photons are confined to adjacent 
layers of materials due to a type II energy band offset 
formed by the adjacent layers of materials. 

13. The method of claim 12 wherein, 

one of the adjacent layers is Gallium- Arsenide- 
Ant imonide in which the holes are confined. 

14. The method of claim 13 wherein, 

the other one of the adjacent layers is Gallium- 
Arsenide-Nitride in which the electrons are confined. 

15. The method of claim 14 wherein, 

the thicknesses and concentration of semiconductor 
laser materials are selected such that the wavelength of 
photon emission during lasing is in the range between 
1.3 micron to 1.7 micron. 

16. The method of claim 14 wherein, 

the thicknesses and concentration of semiconductor 
laser materials are selected such that the wavelength of 
photon emission during lasing is in the raoige between 
1.3 micron to 1.55 micron. 

17. The method of claim 12 wherein, 

the heterojunction layers are strain compensated by 
using alternating layers of a tensile strained layer and 
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a compressive strained layer to further increase the 
wavelength of photon emission when the semiconductor 
laser is lasing. 

18. The method of claim 17 wherein, 

one of the adjacent layers is Gallivim- Arsenide- 
Antimonide in which, the holes are confined. 

19. The method of claim 18 wherein, 

the other one of the adjacent layers is Gallium- 
Arsenide-Nitride in which the electrons are confined. 

20. The method of claim 19 wherein, 

each of the adjacent layers is sufficiently thin 
such that quantum effects become important and each 
layer forms a quant\im well. 

21. The method of claim 20 wherein, 

a pair of quantxim wells formed of two sets of 
adjacent layers is a W quantum well structure. 

22. An active area for a semiconductor laser for 
lasing at wavelengths greater than a Gallium-Arsenide 
active area, the active area comprising: 

at least one W quantvmi well materials system, 
the at least one W quantum well materials system 
including, 

a first barrier layer, 

a first quantum well layer coupled to 
the first barrier layer, the first quantum 
well layer having an energy band reducing the 
energy gap between the conduction band eund 
the valence band to emit photons at 
relatively long wavelengths, 
-22- 



WO 01/29943 



PCT/USOO/14332 



a second barrier layer coupled to the 
first quanttim well layer, 

a second quantum well layer coupled to 
the second barrier layer, the second quantum 
well layer having an energy band reducing the 
energy gap between the conduction band and 
the valence band to emit photons at 
relatively long wavelengths, and 

a third barrier layer coupled to the 
second quantxim well layer. 

23. The active area of claim 22 for a 
semiconductor laser wherein, 

the first and third barrier layers are Gallium- 
Arsenide, the first and second quantiim well layers are 
Gallium-Arsenide-Nitride and the second barrier layer is 
Gallium- Arsenide- An timonide . 

24. The active area of claim 22 for a 
semiconductor laser wherein, 

the first and third barrier layers are Aluminum- 
Gallium-Arsenide and the second barrier layer is 
Gallium- Arsenide- Ant imonide . 

25. The semiconductor laser of claim 24 wherein, 
the two quantiam well layers sandwiching the second 
barrier layer are a material of the set of Aliaminum- 
Gallium- Arsenide, Indium-Gallium- Phosphide, and Indium- 
Gallium- Arsenide-Phosphide . 

26. The semiconductor laser of claim 22 further 
comprising; 

a third quantxom well layer coupled to 
the third barrier layer, the third quant\im 
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well layer having an energy bcuid reducing the 
energy gap between the conduction band emd 
the valence band to emit photons at 
relatively long wavelengths, emd 

a fourth barrier layer coupled to the 
third quantum well layer. 

27. The active area of claim 26 for a 
semiconductor laser wherein / 

the first and fourth barrier layers are Gallium- 
Arsenide, the first, second and third quantum well 
layers are Gallium-Arsenide-Nitride and the second and 
third barrier layer are Gallivim-Arsenide-Antimonide. 

28. A method of lasing at relatively long 
wavelengths in a semiconductor laser, the method 
comprising: 

providing a semiconductor laser having a W 
quantxim well materials system; 

providing a forward bias across the terminals 
of the semiconductor laser; and 

providing a threshold current through the 
terminals of the semiconductor laser sufficient to 
inject carriers into an active region to have holes and 
electrons in the W quantum well materials system 
recombine and emit photons. 

29. The method of claim 28 of lasing at relatively 
long wavelengths in a semiconductor laser wherein, the W 
quantum well materials system includes, a first quantim 
well layer, the first quantum well layer having cin 
energy band reducing the energy gap between the 
conduction band and the valence band to emit photons at 
relatively long wavelengths, a central barrier layer 
coupled to the first quantum well layer, and a second 
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quantum well layer coupled to the second barrier layer, 
the second quantum well layer having an energy band 
reducing the energy gap between the conduction band and 
the valence band to emit photons at relatively long 
wavelengths ; 

and wherein the W quantum well materials system is 
sandwiched by two outer barrier layers coupled to the W 
quantum well materials system. 
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